WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
A61B 17/60, 17/62, 17/66 



Al 



(11) International Publication Number: WO 96/26678 

(43) International Publication Date: 6 September 1996 (06.09.96) 



(21) International Application Number: PCT/US96/02098 

(22) International Filing Date: 16 February 1996 (16.02.96) 



(30) Priority Data: 

08/396,624 



1 March 1995 (01.03.95) 



US 



(71X72) Applicants and Inventors: TAYLOR, Harold, S. 
[US/US]; 689 East Drive. Memphis. TN 381 12 (US). TAY- 
LOR, J., Charles [US/US]; 709 Center Drive, Memphis, 
TN 38112 (US). 

(74) Agents: LONDA, Bruce et al.; Dvorak and Traub, 37th Floor, 
20 Exchange Place, New York, NY 10005 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY, 
CA, CH, CN, CZ. DE. DK, EE, ES, FI. GB, GE, HU, IS, 
JP. KE, KG, KP, KR, KZ, LK, LR. LS, LT. LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL. PT, RO, RU. SD, 
SE. SG. SI, SK, TJ, TM. TR, TT, UA, UG. UZ, VN, ARIPO 
patent (KE, LS, MW. SD, SZ, UG), Eurasian patent (AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH. DE, DK. ES, FR, GB, GR. IE. IT, LU, MC, NL, PT, 
SE). OAPI patent (BF, BJ. CF, CG. CI, CM, GA, GN, ML, 
MR, NE, SN, TD, TG). 



Published 

Wish international search report. 



(54) Title: SPATIAL FRAME 




(57) Abstract 

This invention is a spatial frame for positioning a first element (15) relative to a second element (17). The spatial frame includes a 
first base (19) for mounting to the first element; a second base (21) for mounting to the second element; a plurality of adjustable effective 
length struts (23. 29, 35, 41, 47, 53); connector structure (79) for rotatably attaching the first ends of first (23) and second (29) struts 
relative to one another and relative to the first base; connector structure (79) for rotatably attaching the first ends of third (35) and fourth 
(41) struts relative to one another and relative to the first base; connector structure (79) for rotatably attaching the first ends of fifth (47) and 
sixth (53) struts relative to one another and relative to the first base; connector structure (79) for rotatably attaching the second ends of the 
second (29) and third (35) struts relative to one another and relative to the second base; connector structure (79) for rotatably attaching the 
second ends of the fourth (41 ) and fifth (47) struts relative to one another and relative to the second base; connector structure for rotatably 
attaching the second ends of the sixth (53) and first (23) struts relative to one another and relative to the second base. 



/ 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Ausarii 


GB 


Georgia 


MX 


Mexico . 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NI- 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Ftso 


IB 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Hah/ 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


FT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Ceo go 


KR 


Republic of Korea 


SG . 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


a 


Cte d'lvoire 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CS 


Chan .. 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Ttmidad and Tobago 


EE 


Eatonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 




MG 


Madagascar 


UG 


Uganda 


n 


Fmland 


ML 


Mali 


US 


United States of America 


FR 


Prance 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 96/26678 



PCT/US96/02098 



gPBCIHCATIQP 

SPATIAL PEAKS 

BACKGROUND 07 TEX IWVZMTIOM 

Field of the Invention 
5 The present invention relates, in general, to a 

spatial mechanism or frame that allows complete 
repositioning of two members relative to one another and, 
more specifically, to an improved orthopedic external 
fixator including a spatial mechanism or frame that 
10 allows two bone elements or portions to be fixed relative 
to one another while allowing complete repositioning of 
the two bone elements or portions relative to one 
another. 

Background Art 

15 It is often necessary to realign, reposition and/or 

securely hold two elements relative to one another. For 
example, in the practice of medicine, bone fragments and 
the like must sometimes be aligned or realigned and 
repositioned to restore boney continuity and skeletal 

20 function, etc. At times this may be accomplished by 
sudden maneuver, usually followed by skeletal 
stabilization with cast, plate and screws, intramedullary 
devices, or external skeletal fixators. 

A bone fragment can be moved, in general, from its 
25 original position as in a nonunion or malunion or from 
its intended position as in congenital deformities along 
six separate axes, a combination of three orthogonal 
translational axes (e.g., typical "X,* "V and % Z m axes) 
and three orthogonal rotational axes (e.g., rotation 
30 about such typical "X,* * Y* and "2" axes). 
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Certain boney skeletal injuries or conditions are 
sometimes treated with an external frame that is attached 
to the boney skeleton with threaded and/or smooth pins 
and/or threaded and/or smooth and/or beaded vires. Such 
5 constructs are commonly referred to as orthopedic 

external fixators or external skeletal fixators. External 
fixators may be utilized to treat acute fractures of the 
skeleton, soft tissue injuries, delayed union of the 
skeleton when bones are slow to heal, nonunion of the 
10 skeleton when bones have not healed, malunion whereby 
broken or fractured bones have healed in a malposition, 
congenital deformities whereby bones develop a 
malposition, and bone lengthening, widening, or twisting. 

External fixator frames vary considerably in design 

15 and capabilities, and may include multiple or single bars 
or rods, and a plurality of clamps for adjustably 
securing the bars to pins or wires which are, in turn, 
joined to the boney skeleton. The pins or wires may 
extend completely through the boney skeleton extending 

20 out each side of the limb or may extend through the boney 
skeleton and out one side of the limb. Pins which extend 
completely through the boney skeleton and out both sides 
of the limb are commonly referred to as ■ transf ixation 
pins." Pins which extend through the boney skeleton and 

25 out only one side of the limb are commonly referred to as 
•half pins.' Such external fixator frames may be 
circumferential for encircling a patient 9 s body member 
(e.g., a patient's femur), or may be unilateral for 
extending along one side of a patient' s body member. More 

30 that one unilateral external fixator frame can be applied 
to the same length of the patient 1 s body member. 
Materials for frames also vary, including metals, alloys, 
plastics, composites, and ceramics. External fixators 
vary in their ability to accommodate different spatial 

35 relations between the pin and bar. 
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Prior art external fixators stabilize bone fragments 
by holding the fragments in a relatively fixed spatial 
relation. Some of the more completely adjustable external 
fixators allow the physician to reorient one fragment 
5 with respect to the other along all six axes in an acute 
motion, usually by loosening one or more clamps and 
effecting the corrective motion manually and retightening 
clamps to hold the fragments stably. 

A circumferential external fixator system was 
10 disclosed by G.A. Ilizarov during the early 1950' s . The 
Ilizarov system include at least two rings or "halos* 
that encircle a patient's body member (e.g., a patient's 
leg) , connecting rods extending between the two rings, 
transfixion pins that extend through the patient' s boney 
15 structure, and connectors for connecting the transfixion 
pins to the rings. Use of the Ilizarov system to deal 
with angulation, translation and rotation is disclosed in 
■Basic Ilizarov Techniques," Techniques in Orth opaedics* . 
Vol. 5, No. 4, December 1990, pages 55-59. 

20 Mears, U.S. Patent 4,620,533, issued November 4, 

1986, discloses a unilateral external fixator system 
including a plurality of fixation pins attached to at 
least one rigid bar through adjustable clamps having 
articulating balls which allow rotational adjustment of 

25 each pin or bar. 

Stef, U.S. Patent 5,209,750, issued May 11, 1993, 
discloses a unilateral external fixator system including 
an orthopedic brace for rigidly connecting groups of pins 
screwed into a long bone for the reduction of a fracture 

30 of the long bone. The brace includes a telescopic support 
made up of an elongated tube and an elongated rod 
slidable within the tube. A first plate is attached to 
the outer end of the tube and a second plate is attached 
to the outer end of the rod. Third and fourth plates are 

35 adjustably attached to the first and second plates, 
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respectively, by way of threaded rods and ball-and-socket 
joints. Javs are attached to each third and fourth plate 
to secure the pins to the brace* 

Prior art orthopedic external fixators differ in 
5 their ability to move or adjust one bone fragment with 
respect to the other in a gradual fashion. Some allow 
gradual translation, others allow gradual rotation about 
two axes. The Ilizarov system can provide an external 
fixation frame that could provide gradual correction 
10 along and about six axes; however such a frame would 

require many parts and would be relatively complicated to 
build and use in a clinical situation. 

Often orthopedic external fixators such as Ilizarov 
frames must be modified later on after their initial 

15 application. Such modification may be necessary to 
convert from one correctional axis to another or to 
convert from an initial adjustment type of frame to a 
weight bearing type of frame, some of the correctional 
configurations not being stable enough for weight 

20 bearing. 

More simplistic external fixators may accomplish a 
rotation of fragments about a center of rotation 
contained on the external fixator. This may or may not 
correspond to the center of rotation necessary to fully 

25 correct the deformity by angular correction alone. In no 
circumstances will a center of rotation confined to the 
external fixator create a virtual center of rotation 
remote to the external fixator as is frequently required 
in the treatment of these deformities* Some orthopedic 

30 external fixators utilize a simple hinge which cannot 

create a center of rotation remote to its mechanism. The 
Ilizarov system provides a circumferential encompassing 
type fixator that is more universal in that it permits 
the placement of the hinge axis around the bone, but does 

35 not allow rotation about an axis remote to its mechanism. 
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A focal hinge made of an arc segment of gear or track 
with a following carriage can create a center of rotation 
remote to the mechanism but may not be applicable to 
certain situations where because of anatomy or preference 
5 the mechanism is to be applied to the concavity of a 
deformity, especially a severe deformity where there is 
no space to apply the long arc segment of gear or track 
necessary to fully correct the deformity. 

Anderson, U.S. Patent 2,391,537, issued December 25, 

10 1945, discloses an orthopedic external fixator for 
fracture reduction including a pair of hollow tubes 
telescopically joined together, a plurality of pins for 
transfixing bone elements, a first fixation unit slidably 
mounted on one of the tubes for connecting a pair of the 

15 transfixion pins to that tube, and a second fixation unit 
attached to the end of the other tube for connecting a 
pair of the transf ixation pins to that tube, one of the 
tubes is telescopically mounted within the other tube. A 
threaded adjusting shaft is mounted within the tubes and 

20 can be manually : rotated by way of a wrench head located 
at the outer end of one of the tubes. Rotation of the 
shaft causes a nut nonrotatably located within the tubes 
to move longitudinally along the shaft. Coil springs 
located within the tubes on either side of the nut 

25 transfer longitudinal movement of the nut to the tube 6 
while permitting a certain desired yielding and 
eliminating any perfectly solid and hard contact. A 
geared mechanism allows for correction of rotational 
deformity, utilizing an arc segment of gear and a mating 

30 carriage with corresponding pinion. 

A "Stewart platform* is a fully parallel mechanism 
used in flight and automotive simulators, robotic end* 
effectors, and other applications requiring spatial 
mechanisms with high structural stiffness; and includes a 
35 base platform, a top platform, and six variable limbs 
extending between the base and top platforms. See S.V* 



WO 96/26678 



PCT/US96/02098 



Sreenivasan et al., "Closed-Form Direct Displacement 
Analysis of a 6-6 Stewart Platform/ Mech. Mach. Th* ?n r r 
Vol. 29, No. 6, pp. 855-864, 1994. 

Nothing in the known prior art discloses or suggests 
5 the present invention. For example, nothing in the known 
prior art discloses a frame that can be adjusted in six 
axes by changing strut lengths only, without requiring 
joints to be undamped, etc. Further nothing in the known 
prior art discloses or suggests a spatial mechanism 
10 including, in general, a first member or swash plate for 
attachment relative to a first element; a second member 
or swash plate for attachment relative to a second 
element; an adjustable effective length first strut 
having a first end movably attached to the first member 
15 and a second end movably attached to the second member; 
an adjustable effective length second strut having a 
first end movably attached to the first member and a 
second end movably attached to the second member; an 
adjustable effective length third strut having a first 
20 end movably attached to the first member and a second end 
movably attached to the second member; an adjustable 
effective length fourth strut having a first end movably 
attached to the first member and a second end movably 
attached to the second member; an adjustable effective 
25 length fifth strut having a first end movably attached to 
the first member and a second end movably attached to the 
second member; and an adjustable effective length sixth 
strut having a first end movably attached to the first 
member and a second end movably attached to the second 
30 member, with the first ends of the first and second 

struts joined relative to one another so that movement of 
the first end of one of the first and second struts will 
cause a corresponding movement of the first end of the 
other strut, with the first ends of the third and fourth 
35 struts joined relative to one another so that movement of 
the first end of one of the third and fourth struts will 
cause a corresponding movement of the first end of the 
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other strut, with the first ends of the fifth and sixth 
struts joined relative to one another so that movement of 
the first end of one of the fifth and sixth struts will 
cause a corresponding movement of the first end of the 
5 other strut, with the second ends of the first and sixth 
struts joined relative to one another so that movement of 
the second end of one of the first and sixth struts will 
cause a corresponding movement of the second end of the 
other strut, with the second ends of the second and third 

10 struts joined relative to one another so that movement of 
the second end of one of the second and third struts will 
cause a corresponding movement of the second end of the 
other strut, with the second ends of the fourth and fifth 
struts joined relative to one another so that movement of 

15 the second end of one of the fourth and fifth struts will 
cause a corresponding movement of the second end of the 
other strut. 

SUMMARY OF TMB TmXTTOV 

The present invention provides a novel spatial frame 
20 that allows two elements to be positioned relative to one 
another while allowing complete repositioning of the two 
elements relative to one another. A basic concept of the 
present invention is to provide an eight member spatial 
frame that allows two elements to be positioned or fixed 
25 relative to one another while allowing complete 
repositioning of the two elements relative to one 
another* 

The spatial frame of the present invention includes, 
in general, a first member or swash plate for attachment 

30 relative to a first element; a second member or swash 
plate for attachment relative to a second element; an 
adjustable effective length first strut having a first 
end movably attached to the first member and a second end 
movably attached to the second member; an adjustable 

35 effective length second strut having a first end movably 
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attached to the first member and a second end movably 
attached to the second member; an adjustable effective 
length third strut having a first end movably attached to 
the first member and a second end movably attached to the 
5 second member; an adjustable effective length fourth 
strut having a first end movably attached to the first 
member and a second end movably attached to the second 
member; an adjustable effective length fifth strut having 
a first end movably attached to the first member and a 

10 second end movably attached to the second member; and an 
adjustable effective length sixth strut having a first 
end movably attached to the first member and a second end 
movably attached to the second member. The first ends of 
the first and second struts are joined relative to one 

15 another so that movement of the first end of one of the 
first and second struts will cause a corresponding 
movement of the first end of the other strut. The first 
ends of the third and fourth struts are joined relative 
to one another so that movement of the first end of one 

20 of the third and fourth struts will cause a corresponding 
movement of the first end of the other strut. The first 
ends of the fifth and sixth struts are joined relative to 
one another so that movement of the first end of one of 
the fifth and sixth struts will cause a corresponding 

25 movement of the first end of the other strut. The second 
ends of the first and sixth struts are joined relative to 
one another so that movement of the second end of one of 
the first and sixth struts will cause a corresponding 
movement of the second end of the other strut. The second 

30 ends of the second and third struts are joined relative 
to one another so that movement of the second end of one 
of the second and third struts will cause a corresponding 
movement of the second end of the other strut. The second 
ends of the fourth and fifth struts are joined relative 

35 to one another so that movement of the second end of one 
of the fourth and fifth struts will cause a corresponding 
movement of the second end of the other strut. 
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One object of the present invention is to provide a 
spatial frame that allows complete repositioning of two 
or more elements such as two or more bone fragments. 

Another object of the present invention is to 
5 provide a spatia! frame that allows sudden repositioning 
of two or more elements to be accomplished predictably 
and which may be left in place for additional time or may 
be replaced by other means of stabilization. 

Another object of the present invention is to 
10 provide a spatial frame that allows gradual repositioning 
of two or more elements over an extended period of time 
either in an incremental fashion with discreet 
adjustments or continuous motion if motorized, etc. 

Another object of the present invention is to 
15 provide a spatial frame that allows a slow controlled 
reposition of two or more elements. 

Another object of the present invention is to 
provide a spatial frame that is capable of correcting all 
six degrees of freedom and at no time is unstable to move 
20 grossly unless the gross motion locks are loosened. 

Another object of the present invention is to 
provide a spatial frame that allows relative 
repositioning of two or more elements by changing the 
effective lengths of six similar struts, either gradually 
25 or suddenly. 

Another object of the present invention is to 
provide a spatial frame that can move one fragment with 
respect to the other in six orthogonal degrees of 
freedom, a combination of three orthogonal translational 
30 axes (e.g., typical 'X,' " Y* and m Z w axes) and three 
orthogonal rotational axes (e.g., rotation about such 
typical m X, 9 m Y m and "Z* axes), limited in extent of 
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relative repositioning only by the physical constraints 
of the device. 

Another object of the present invention is to 
provide a spatial frame that is relatively compact, to 
5 some extent telescoping upon itself. 

Another object of the present invention is to 
provide a spatial frame that is universal in that it can 
be used for any situation requiring relative motion 
between elements including compression (shortening) , 
10 distraction (lengthening), translation, angulation, or 
rotation and any combination of such movements. 

Another object of the present invention is to 
provide a spatial frame that can create a center of 
rotation of the elements to be fixed relative to one 
15 another that may be remote to the spatial frame itself, 
but may also allow rotation within or close to the frame 
confines. 

Another object of the present invention is to 
provide a spatial frame that allows coarse and/or fine 
20 adjustment of the relative position of two or more 
elements. 

Another object of the present invention is to 
provide a mechanism for producing a prescribed relative 
change in position between two bone fragments in 
25 conjunction with external fixation of the bone fragments 
for correction of angular and translational displacements 
of acutely fractured fragments, correction of angular and 
translational deformities in nonunion and malunion, etc. 

Another object of the present invention is to 
30 provide a spatial frame having a universal repositioning 
character. 
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Another object of the present invention is to 
provide a spatial frame having an overall simplicity of 
construction and use unlike other spatial frames. 

Another object of the present invention is to 
5 provide a spatial frame having six similar struts which 
can be adjusted in length and attached at either end by 
passive, clamping or non-clamping joint connections to 
two end members* 

Another object of the present invention is to 
provide a spatial frame that is self locking and not 
prone to spontaneous slippage due to the inherent 
stability of strut adjustment mechanisms to resist 
rotation when loaded in tension or compression. The strut 
adjustment mechanism could include turnbuckles, gear and 
rack, screw and nut, or hydraulic cylinder, etc., and may 
include means of coarse and fine adjustment thereby 
allowing rapid approximation and subsequent precise 
adjustments. 

Another object of the present invention is to 
20 provide a spatial frame that utilizes struts that are 
purposely angled with respect to the long axis. This 
angulation provides mechanical characteristic which 
allows the present invention to correct all six degrees 
of freedom. 

25 Another object of the present invention is to 

provide a spatial frame that can be adjusted to move 
elements such as bone fragments from one relative 
position to another without losing control of the 
elements while making all degrees of freedom always 

30 available without having to reposition element fixation 
pins or wires and without having to reposition the point 
of attachment of the struts. 



10 



15 
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Another object of the present invention is to 
provide a spatial frame that can be completely 
repositioned by changing the effective lengths of the 
struts by adjusting the effective length of one or more 
5 struts. 

Another object of the present invention is to 
provide a spatial frame that is especially designed for, 
but not limited to, securely holding bone fragments, 
repositioning bone fragments, and reproducing joint 
10 motion. 

Another object of the present invention is to 
provide a spatial frame that may be used to reposition 
any two bodies relative to each other. 

Another object of the present invention is to 
15 provide a spatial frame that can also be used as a 

telescope frame with the primary mirror attached to one 
swash plate and the secondary mirror attached to the 
opposite svash plate with the six struts acting not only 
as a stabilizing frame but also provide means for 
20 aligning and positioning the mirrors/ lenses with respect 
to each other. 

Another object of the present invention is to 
provide a spatial frame that can be used in the 
laboratory for positioning components, and in 
25 construction to reposition two members « 

Another object of the present invention is to 
provide a spatial frame that can be considered both frame 
and mechanism. To the extent that each combination of 
lengths for the six struts yields a stable construct, the 
30 present invention provides a stabilizing frame for bone 
fragments and functions as a skeletal external fixation 
device. To the extent that changing the effective lengths 
of one or more of the struts results in relative motion 
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between the swash plates, the present invention provides 
a mechanism for moving bone fragments. 

Another object of the present invention is to 
provide a spatial frame that can be used to reestablish 
5 skeletal joint motion after injury or disease by being 
attached to either side of a skeletal joint to reproduce 
not only hinge type motion most like the elbow or ankle 
joints, but more complex motions such as those with 
changing instant centers of rotation, or even spherical 
10 motion like the hip by allowing one bone fragment to be 
moved along six independent axes with respect to another 
bone fragment. 

Another object of the present invention is to 
provide a spatial frame that does not have to be mounted 
15 exactly along a particular axis at the time of initial 
attachment or surgery. 

Another object of the present invention is to 
provide a spatial frame in which the orientation of the 
frame with respect to the skeletal joint can be 
20 determined after the frame is applied and the relative 
lengthening or shortening of the six struts necessary to 
provide the preferred motion can then be determined. 

Another object of the present invention is to 
provide a spatial frame having ball joints composed of 
25 two hemispheres, or a hyperhemisphere in conjunction with 
a hypohemisphere. 

Another object of the present invention is to 
provide a spatial frame having three or more bodies 
contained with a spherical socket. 

30 Another object of the present invention is to 

provide a spatial frame that operates as a true parallel 
and simultaneous manipulator. 
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Another object of the present invention is to 
provide a spatial frame in which the only adjustments 
necessary for correcting one or six orthogonal 
deformities is to simply change strut lengths, regardless 
5 of whether a translation or angulation or combination of 
up to three orthogonal rotations and three orthogonal 
translations is desired* 



Another object of the present invention is to 
provide a spatial frame which is not limited to "serial" 
10 mechanisms or steps to accomplish a six axis correction. 

Another object of the present invention is to 
provide a spatial frame in which all the struts are free 
to rotate at each end. 

Another object of the present invention is to 
15 provide a spatial frame which allows six axes correction 
without limiting the correction to a sudden correction in 
which a number of joints or all of the joints are 
loosened, the frame moved, and the joints then 
retightened. 



20 Another object of the present invention is to 

provide a spatial frame in which all coupling joints 
(strut to end plate) are not clamped while the frame, 
even though not clamped, provides a rigid frame by virtue 
of its geometry with angled struts. 

25 Another object of the present invention is to 

provide a spatial frame that uses passive undamped 
joints to couple six struts to two end plates or bodies. 

Another object of the present invention is to 
provide a spatial frame which can correct a six axis 
30 deformity in a controlled fashion. 
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Another object of the present invention is to 
provide a spatial frame having six angled struts with the 
joints at the end of each strut left free to rotate and 
with the geometry of the six strut fixator providing a 
5 stable frame. 



Another object of the present invention is to 
provide a spatial frame that allows slow controlled 
repositioning of two or more bone fragments only during 
lengthening along the long axis and also during 
10 correction of angular deformity. 

Another object of the present invention is to 
provide a spatial frame that allows gradual or sudden 
adjustment of the effective length thereof. 

Another object of the present invention is to 
15 provide a spatial frame that allows biologically 

compatible relative velocities between bone fragments on 
the order of one millimeter per day. 



Another object of the present invention is to 
provide a spatial frame that can predictably and 
20 reproducibly cause small displacements between bone 
fragments . 



Another object of the present invention is to 
provide a spatial frame that allows coordinate 
transformation based on mathematical computation of only 
25 three points on one end plate and resulting changes in 
length of six struts spanning only six points. 

Another object of the present invention is to 
provide a spatial frame that functions, kinematically 
speaking, generally as a parallel manipulator in that the 
30 basic frame is capable of accomplishing a simultaneous 
six degree of freedom motion of bone fragments relative 
to one another. 
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Another object of the present invention is to 
provide a spatial frame including two base members 
jointed by a plurality of adjustable effective length 
struts with the ends of each strut coupled to a base 
5 member by a shared joint (i.e., a joint shared with the 
end of another strut) or a non-shared joint. 

Another object of the present invention is to 
provide a spatial external skeletal fixation frame that 
allows a surgeon to reposition bone fragments without 
10 having to first loosen a plurality of joints, then 

reposition the bjne fragments, and then retightened the 
plurality of joints. 

Another object of the present invention is to 
provide a spatial frame having two base members and at 
15 least six struts joining the two base members together 

with shared vertices with six shared vertices or coupling 
of struts to the base members for repositioning objects 
including bone fragments. 

Another object of the present invention is to 
20 provide a spatial frame having a ball-and-socket joint 
with four degrees of freedom (i.e., in addition to 
rotation about three orthogonal axes as typically 
accomplished by conventional ball-and-socket joints, the 
ball-and-socket joint of the present invention includes 
25 hemispheres which are additionally free to rotate about 
an axis perpendicular to the face of each hemisphere 
passing through the center of the hemispheres) • 

Another object of the present invention is to 
provide a spatial frame having struts that are attached 
30 to end or base members by couplings which permits 

rotation (the exact number of rotations being determined 
by the type of coupling) , that maintains its position 
until one or more strut lengths are adjusted, that 
permits a gradual predictable corrective motion, that has 
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stability provided by purposely angling the struts to 
create a 'triangle" that prevents motion along the 
orthogonal axes, and not by creating a clamping force at 
the couplings. 

5 Another object of the present invention is to 

provide a spatial frame that does not require the joints 
between the struts and base members to be clamped to 
prevent unwanted motion or to prevent motion after 
reduction. 

10 Another object of the present invention is to 

provide a spatial frame that maximizes the amount of 
space on the end plates for attachment of pin clamps and 
eases space restrictions. 

Another object of the present invention is to 
15 provide a spatial frame that is can be used in small 
sizes in situations where space is at a premium , for 
example, in external fixation of children's bones. 

Another object of the present invention is to 
provide a spatial frame for external fixation, 
20 telescopes, laboratory or construction jacks. 

Another object of the present invention is to 
provide a new use for a Stewart platform. More 
specifically, another object of the present invention is 
to use a Stewart platform in orthopedics to secure first 
25 and second bone elements relative to one another. 

BRIEF DESCRIPTION OP TOR DRAflMflfl 

Fig. 1 is a perspective view of a first preferred 
embodiment of the spatial frame of the present invention 
shown in combination with other elements of an orthopedic 
30 external fixator and a fractured tibia. 
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Fig. 2 is an end elevational view of one end plate 
of the spatial frame of Fig. 1. 

Fig. 3 is a sectional view substantially as taken on 
line 3-3 of Fig. 2 on an enlarged scale with portions 
S thereof omitted for clarity. 

Fig. 4 is a sectional view substantially as taken on 
line 4-4 of Fig. 1 on an enlarged scale and with portions 
omitted and broken away for clarity. 

Fig. 5 is an exploded perspective view of parts of 
10 one of the connector means of the spatial frame of Fig. 
1. 

Fig. 6 is a diagrammatic view of the spatial frame 
of Fig. 1 shown in a first spatial arrangement. 

Fig. 7 is a diagrammatic view of the spatial frame 
15 of Fig. 1 in a second spatial arrangement. 

Fig. 8 is a front elevational view of portions of an 
adjustable effective length strut of the spatial frame of 
Fig. 1. 

Fig. 9 is a sectional view substantially as taken on 
20 line 9-9 of Fig. 8. 

Fig. 10 is a sectional view of parts of a modified 
embodiment of a connector means of the spatial frame of 
the present invention. 

Fig. 11 is a perspective view of a modified 
25 embodiment of a connector means of the spatial frame of 
the present invention. 

Fig. 12 is an exploded perspective view of Fig. 11. 
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Fig. 13 is a perspective view of another modified 
embodiment of a connector means of the spatial frame of 
the present invention. 

Fig. 14 is an exploded perspective view of Fig. 13. 

5 Fig. 15 is a perspective view of yet another 

modified embodiment of a connector means of the spatial 
frame of the present invention. 

Fig. 16 is an exploded perspective view of Fig. 15. 

Fig. 17 is a perspective view of yet another 
10 modified embodiment of a connector means of the spatial 
frame of the present invention. 

Fig. 18 is an exploded perspective view of Fig. 17. 

Fig. 19 is a perspective view of yet another 
modified embodiment of a connector means of the spatial 
15 frame of the present invention. 



Fig. 20 is an exploded perspective view of Fig. 19. 

Fig. 21 is a perspective view of yet another 
modified embodiment of a connector means of the spatial 
frame of the present invention. 

20 Fig. 22 is an exploded perspective view of Fig. 21. 

Fig. 23 is a perspective view of yet another 
modified embodiment of a connector means of the spatial 
frame of the present invention. 

Fig. 24 is an exploded perspective view of Fig. 23. 



25 Fig. 25 is an exploded view of an alternate 

arrangement of a base member and associated structure for 
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use with the embodiment of Figs. 1*10. 

Fig. 26 is an exploded view of an alternate 
arrangement of a base member and associated structure for 
use with the embodiment of Figs. 19 and 20. 

5 Fig. 27 is a sectional view similar to Fig. 4 but 

shoving modified embodiments of the adjustable effective 
length struts and connector means of the spatial frame of 
the present invention. 

Fig. 28 is a perspective view of a second preferred 
10 embodiment of the spatial frame of the present invention 
shown in combination with other elements of an orthopedic 
external fixator and a fractured tibia. 

Fig. 29 is a perspective view of a third preferred 
embodiment of the spatial frame of the present invention 
15 shown in combination with other elements of an orthopedic 
external fixator and a fractured tibia. 

DESCRIPTION OF TEE PREFBRR gD EMBODIMTOTfl 

A first preferred embodiment of the spatial frame of 
the present invention is shown in Figs. 1-9, and 
20 identified by the numeral 11. The spatial frame 11 is 
part of a circumferential- type orthopedic external 
fixator 13 for securing a first bone element 15 relative 
to a second bone element 17. 

The spatial frame 11 includes a first base member 19 
25 for attachment to the first bone element 15; a second 

base member 21 for attachment to the second bone element 
17; an adjustable effective length first strut 23 having 
a first end 25 and a second end 27; an adjustable 
effective length second strut 29 having a first end 31 
30 and a second end 33; an adjustable effective length third 
strut 35 having a first end 37 and a second end 39; an 
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adjustable effective length fourth strut 41 having a 
first end 43 and a second end 45; an adjustable effective 
length fifth strut 47 having a first end 49 and a second 
end 51; an adjustable effective length sixth strut 53 
5 having a first end 55 and a second end 57; first 

connector means 59 for rotatably attaching the first ends 
25, 31 of the first and second struts 23, 29 relative to 
one another and relative to the first base member 19; 
second connector means 61 for rotatably attaching the 

10 first ends 37, 43 of the third and fourth struts 35, 41 
relative to one another and relative to the first base 
member 19; third connector means 63 for rotatably 
attaching the first ends 49, 55 of the fifth and sixth 
struts 47, 53 relative to one another and relative to the 

15 first base member 19; fourth connector means 65 for 

rotatably attaching the second ends 27, 57 of the first 
and sixth struts 23, 53 relative to one another and 
relative to the second base member 21; fifth connector 
means 67 for rotatably attaching the second ends 33, 39 

20 of the second and third struts 29, 35 relative to one 
another and relative to the second base member 21; and 
sixth connector means 69 for rotatably attaching the 
second ends 45, 51 of the fourth and fifth struts 41, 47 
relative to one another and relative to the second base 

25 member 21. When used herein, the phrase "rotatably 

attaching" when describing the attachment between two or 
more parts or elements means that the referenced parts or 
elements are attached to one another in such a manner 
that allows rotation therebetween. 

30 The first and second base members 19, 21 may be 

constructed in various manners, out of various materials, 
and in various shapes and sizes. Thus, for example, each 
base member 19, 21 may consist of a one-piece or multi- 
piece Ilizarov-type halo or ring 71 for encircling a 

35 patient 1 s limb, etc. and for being secured to one of the 
bone elements 15, 17 or the like by way of transf ixation 
screws, wires or pins 73, etc., as will now be apparent 
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to those skilled in the art. Each ring 71 preferably has 
a plurality of spaced apertures 75 therethrough for 
allowing the transf ixation screws, wires or pins 73, 
etc. , to be secured thereto with typical fixator clamps 
5 77 or the like as will now be apparent to those skilled 
in the art. The spaced apertures 75 may also be used to 
join the various connector means 59, 61, 53, 65, 67, 69 
to the respective ring 71. However, with respect to the 
preferred embodiment shown in Figs. 1-7, each ring 71 

10 preferably differs from a typical Ilizarov-type ring by 
having a plurality of partially spherical cavities 79 for 
reasons which will hereinafter become apparent.. The 
partially spherical cavities 79 may be formed integrally 
with the rings 71 as shown clearly in Figs. 2-4. On the 

15 other hand, each partially spherical cavity 79 may be 
formed in a plate member 80 that can be bolted or 
otherwise fixedly attached to one of the rings 71 as 
clearly shown in Fig. 25 and as will now be apparent to 
those skilled in the art. Additional, each partially 

20 spherical cavity 79 may be partially formed in the rings 
71 and partially formed in separate plate members which 
coact with one another to define the partially spherical 
cavities 79, etc. 

Each of the struts 23, 29, 35, 41, 47, 53 are 
25 preferably similar in construction to one another. The 
construction and operation of each strut 23, 29, 35, 41, 
47, 53 may vary and may be designed to provide coarse 
and/or fine adjustment of the effective length thereof. 
When used herein, the phrase "effective length" when 
30 describing the length of one or more struts 23, 29, 35, 
41, 47, 53 means the distance between the center of 
rotation of two associated connector means 59, 61, 63, 
65, 67, 69. The embodiment of each strut 23, 29, 35, 41, 
47, 53 shown generally in Figs. 1-9 includes a first 
35 component 81, a second component 83, and coupling means 
85 for adjustably coupling the first and second 
components 81, 83 to one another. Each first component 81 
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preferably includes an elongated rod 87 having a threaded 
end 89. Each second component 83 preferably includes an 
elongated rod 91 having a threaded end 93. Each coupling 
means 85 preferably has a first threaded portion 95 for 
5 coacting with the threaded end 89 of the rod 87 of the 
first components 81 and a second threaded portion 97 for 
coacting with the threaded end 93 of the rod 91 of the 
second component 83. The threaded end 89, threaded end 
93, first threaded portion 95, and second threaded 

10 portion 97 are preferably designed so that rotation of 
the coupling means 85 about its longitudinal axis will 
cause the first and second components 81, 83 to move in 
opposite directions. Thus, for example, the threaded end 
89 of the first component 81 and the first threaded 

15 portion 95 of the coupling means 85 may have coacting 
right-hand threads while the threaded end 93 of the 
second component 83 and the second threaded portion 97 of 
the coupling means 85 may have coacting left-hand 
threads, or vice versa, so that rotating the coupling 

20 means 85 about its longitudinal axis will cause the 

associated parts to act like or as a turnbuckle to either 
extend or retract the first and second components 81, 83 
relative to one another and the coupling means 85 and 
thereby adjust or vary the overall length of each strut 

25 23, 29, 35, 41, 47, 53 as will now be apparent to those 
skilled in the art. Also, while the threaded end 89 of 
the rod 87 and the threaded end 93 of the rod 91 are 
shown in the drawings as male threads and while the 
threaded portions 95, 97 of the coupling means 85 are 

30 shown in the drawings as female threads, an opposite 

construction can be used (i.e., having female threads on 
the threaded end 89 of the rod 87 and the threaded end 93 
of the rod 91, and male threads on the threaded portions 
95, 97 of the coupling means 85). 



35 It should be understood that the effective length of 

each strut 23, 29, 35, 41, 47, 53 can be adjusted in 
various other manners and by various other means. For 
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example, each strut 23, 29, 35, 41, 47, 53 could include 
a hydraulic or pneumatic piston, electric motor and gear 
trains, etc., and various controls for allowing the 
effective length of each strut 23, 29, 35, 41, 47, 53 to 
5 be easily and accurately controlled. Further, each strut 
23, 29, 35, 41, 47, 53 could consist of a one-piece, 
integral rod with threaded ends and each connector means 
59, 51, 63, 55, 67, 69 could have a threaded aperture for 
coacting therewith as more fully described hereinbelow 
10 with reference to the embodiment of Fig. 27* 



The frame 11 may include indicia or gauge means 99 
for providing an indication or relative measurement of 
the effective length of each strut 23, 29, 35, 41, 47, 
53. For example, as shown in Figs. 8 and 9, the coupling 

15 means 85 of each strut 23, 29, 35, 41, 47, 53 may have 
one or more elongated slots 101 which allows portions of 
the distal end of each component 81, 83 of each strut 23, 
29, 35, 41, 47, 53 to be viewed therethrough, and a 
plurality of spaced apart indicia marks 103 or the like 

20 along the effective length of the slots 101 forming a 
graduated scale so that an accurate indication of the 
effective length of each strut 23, 29, 35, 41, 47, 53 can 
be easily and quickly determined by merely noting the 
position of a certain portion of each component 81, 83 

25 relative to the indicia marks 103. Thus, for example, the 
indicia marks 103 may be graduated so that the alignment 
of the distal end 104 of each elongated rod 87, 91 with a 
certain indicia mark 103 as clearly shown in Fig. 8 will 
provide an indication or relative measurement of the 

30 overall length of each strut 23, 29, 35, 41, 47, 53 as 
will now be apparent to those skilled in the art. 

In the embodiments shown in Figs. 1-7 and 10, each 
of the connector means 59, SI, 63, 65, 67, 69 consists of 
a split-ball connector including a first partially 
35 spherical member 105 attached to one of the ends 25, 27, 
31, 33, 37, 39, 43, 45, 49, 51, 55, 57 of one of the 
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struts 23, 29, 35, 41, 47, S3, and a second partially 
spherical member 107 attached to one of the ends 25, 27, 
31, 33, 37, 39, 43, 45, 49, 51, 55, 57 of another of the 
struts 23, 29, 35, 41, 47, 53. Each of the partially 
5 spherical members 105, 107 of the connector means 59, 61, 
•3, 65, 67, 59 preferably has a planar face portion 109. 
Each of the partially spherical cavities 79 in the ring 
71 of each base member 19, 21 is preferably sized and 
designed for rotatably entrapping a respective pair of 

10 the partially spherical members 105, 107 of the connector 
means 59, €1, 63, 65, 67, 69 with the planar face 
portions 109 thereof held movably against one another 
(see, for example, Fig. 4). While not necessary, each 
connector means 59, 61, 63, 65, 67, 69 may include pivot 

15 means such as a pivot rod 111 extending through the 

center of each planar face portion 109 of a coacting pair 
of partially spherical members 105, 107 for pivotally 
joining that pair of partially spherical members 105, 107 
together as clearly shown in Fig. 10. 

20 The split-ball connectors of Figs. 1-7 and 10 have 

certain advantages. They save space since only three 
split-ball joints are necessary per swash plate or base 
member 19, 21 versus six separate joints if spherical 
ball joints on the end of each strut 23, 29, 35, 41, 47, 

25 53. Also, if spherical ball joints are used on the end of 
each strut 23, 29, 35, 41, 47, 53, when adjusting the 
effective length of any strut 23, 29, 35, 41, 47, 53 
using the turnbuckle structure shown in Figs. 1-9, there 
would be a tendency for the threaded half shafts and ball 

30 to rotate, preventing predictable adjustment in strut 

length . However, the split-ball connectors of Figs. 1-7 
and 10, containing hemispheres attached to adjacent 
struts, would prevent either hemisphere from rotating 
independently about its strut axis, but would allow the 

35 combined split ball joint to rotate about three axes as a 
unit. Therefore, when adjusting the effective length of 
any individual strut 23, 29, 35, 41, 47, 53 by rotating 
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the coupling means 85 , rotation of the corresponding rod 
87 f 91 is blocked by the coaction of the split-ball 
connectors. It would be necessary to block rotation of 
the corresponding rod 87, 91 whenever a coupling means 85 
5 is rotated if using spherical ball joints on the end of 
each strut 23, 29, 35, 41, 47, 53 as will now be apparent 
to those skilled in the art. 

In the embodiment shown in Figs. 11 and 12, each of 
the connector means 59, 61, 63, 65, 67, 69 consists of a 
10 split U- joint connector or the like. While only the 

connector means 65 is shown in Figs. 11 and 12, the other 
connector means 59, 61, 63, 67, 69 are preferably similar 
or identical in construction thereto. The split U-joint 
connector as shown in Figs. 11 and 12 includes a first 

15 member 113, a shaft member 115 for attaching the first 
member 113 to a respective one of the first and second 
base members 19, 21, a second member 117, a pivot member 
119 for pivotaliy attaching the second member 117 to the 
first member 113 with the longitudinal axis 121 of the 

20 pivot member 119 extending transverse to the longitudinal 
axis 123 of the. shaft member 115, and a pivot member 125 
for pivotaliy attaching one of the ends 25, 27, 31, 33, 
37, 39, 43, 45, 49, 51, 55, 57 of one of the struts 23, 
29, 35, 41, 47, 53 and one of the ends 25, 27, 31, 33, 

25 37, 39, 43, 45, 49, 51, 55, 57 of another of the struts 
23, 29, 35, 41, 47, 53 to the second member 117 (shown 
pivotaliy attaching the end 27 of the strut 23 and the 
end 57 of the strut 53 to the second member 117) with the 
longitudinal axis 127 of the pivot member 125 extending 

30 transverse to the longitudinal axis 121 of the pivot 

member 119. The ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 
51, 55, 57 of the struts 23, 29, 35, 41, 47, 53 may 
include enlarged heads 129 through which the pivot member 
125 extend as indicated in Figs. 11 and 12. The shaft 

35 member 115 may be bolted or press-fitted or otherwise 
securely attached to the first member 113 or may be 
formed as an integral, one-piece unit with the first 
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member 113, or may be rotatably secured to the respective 
base member 19, 21 by a typical retainer clip or the like 
as will now be apparent to those skilled in the art for 
pivotally attaching the first member 113 to a respective 
5 one of the first and second base members 19, 21. The 
pivot member 119 may be press-fitted or otherwise 
securely attached to the second member 117 or may be 
formed as an integral, one-piece unit with the second 
member 117, and may be rotatably secured to the first 

10 member 113 by a typical retainer clip or the like as will 
now be apparent to those skilled in the art. The pivot 
member 125 may be press-fitted or otherwise securely 
attached to one of the coacting members (i.e., the second 
member 117 or one of the enlarged heads 129) or may be 

15 formed as an integral, one-piece unit with one of the 
coacting members (i.e., the second member 117 or one of 
the enlarged heads 129), or may be rotatably secured 
relative to each coacting member (i.e., to the second 
member 117 and both of the enlarged heads 129) by typical 

20 retainer clips or the like as will now be apparent to 
those skilled in the art. 

In the embodiment shown in Figs. 13 and 14, each of 
the connector means 59, 61, 63, 65, 67, 69 consists of a 
split chain link connector or the like. While only the 

25 connector means SS is shown in Figs. 13 and 14, the other 
connector means 59, 61, 63, 67, 69 are preferably similar 
or identical in construction thereto. The split chain 
link connector as shown in Figs. 13 and 14 includes a 
first ring member 131, a shaft member 133 attaching the 

30 first ring member 131 to a respective one of the first 
and second base members 19, 21, a second ring member 135 
attached to one of the ends 25, 27, 31, 33, 37, 39, 43, 
45, 49, 51, 55, 57 of one of the struts 23, 29, 35, 41, 
47, 53 (shown attached to the end 27 of the strut 23) and 

35 pivotally attached to the first ring member 131, and a 

third ring member 137 attached to one of the ends 25, 27, 
31, 33, 37, 39, 43, 45, 49, 51, 55, 57 of another of the 
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struts 23, 29, 35, 41, 47, 53 (shown attached to the end 
57 of the strut 53) and pivotally attached to the first 
and second ring members 131, 135. Each first ring member 
131 is preferably formed by a U-shaped member 139 for 
5 extending through the second and third ring members 135, 
137, and a bridge member 141 for closing the U-shaped 
member 139 after the U-shaped member 139 is passed 
through the central hole in the second and third ring 
members 135, 137. The bridge member 141 may be removably 

10 attached to the U-shaped member 139 by screws 142 or the 
like (see Fig. 14). The shaft member 133 may be bolted, 
press-fitted or otherwise securely attached to the bridge 
member 141 or may be formed as an integral, one-piece 
unit with the bridge member 141, or may be rotatably 

15 secured to both the bridge member 141 and the respective 
base member 19, 21 by typical retainer clips or the like 
as will now be apparent to those skilled in the art to 
pivotally attach the first ring member 131 to a 
respective one of the first and second base members 19, 

20 21. The method of attaching the second and third ring 
members 135, 137 to the respective ends 25, 27, 31, 33, 
37, 39, 43, 45, 49, 51, 55, 57 of the struts 23, 29, 35, 
41, 47, 53 may vary as will now be apparent to those 
skilled in the art. Thus, for example, each ring member 

25 135, 137 may be integrally formed as a one-piece unit 

with a respective end 25, 27, 31, 33, 37, 39, 43, 45, 49, 
51, 55, 57 of a respective strut 23, 29, 35, 41, 47, 53 
as will now be apparent to those skilled in the art. 

In the embodiment shown in Figs. 15 and 16, each of 
30 the connector means 59, 61, 63, 65, 67, 69 consists of a 
flexible or elastic connector. While only the connector 
means 65 is shown in Figs. 15 and 16, the other connector 
means 59, 61, 63, 67, 69 are preferably similar or 
identical in construction thereto. The flexible or 
35 elastic connector as shown in Figs. 15 and 16 includes a 
flexible or elastic Y-shaped body member 143 constructed 
out of a flexible or elastic rubber or the like with a 
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trunk portion 145 for attachment to a respective one of 
the first and second base members 19, 21, a first arm 147 
for attachment to one of the ends 25, 27, 31, 33, 37, 39, 
43, 45, 49, 51, 55, 57 of one of the struts 23, 29, 35, 
5 41, 47, 53 (shown attached to the end 27 of the strut 
23), and a second arm 149 for attachment to one of the 
ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 51, 55, 57 of 
another one of the struts 23, 29, 35, 41, 47, 53 (shown 
attached to the end 57 of the strut 53). While the trunk 
10 portion 145 may be fixedly attached to a respective one 
of the first and second base members 19, 21 due to the 
flexibility or elasticity thereof, a shaft member 151 may 
be provided for connecting the trunk portion 145 to a 
respective one of the first and second base members 19, 
15 21. The shaft member 151 may be bolted or press-fitted or 
otherwise securely attached to the trunk portion 145 or 
may be formed as an integral, one-piece unit with the 
trunk portion 145, or may be rotatably secured to the 
respective base member 19, 21 by a typical retainer clip 
20 or the like as will now be apparent to those skilled in 
the art to pivotally connect the trunk portion 145 to a 
respective one of the first and second base members 19, 
21. The method of attaching the first and second arms 
147, 149 to the respective ends 25, 27, 31, 33, 37, 39, 
25 43, 45, 49, 51, 55, 57 of the struts 23, 29, 35, 41, 47, 
53 may vary as will now be apparent to those skilled in 
the art. Thus, for example, the respective ends 25, 27, 
31, 33, 37, 39, 43, 45, 49, 51, 55, 57 of the struts 23, 
29, 35, 41, 47, 53 may be externally threaded and each 
30 arm portion 147, 149 may have a threaded aperture 153 for 
threadably receiving the respective ends 25, 27, 31, 33, 
37, 39, 43, 45, 49, 51, 55, 57 of the struts 23, 29, 35, 
41, 47, 53. The threaded aperture 153 may be formed in a 
tubular metal in?ert in each arm portion 147, 149 as will 
35 now be apparent to those skilled in the art. 

In the embodiment shown in Figc. 17 and 18, each of 
the connector means 59, 61, €3, €5, 67, 69 consists of a 
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flexible or elastic connector. While only the connector 
means 65 is shown in Figs. 17 and 18, the other connector 
means 59, 61, 63, 67, 69 are preferably similar or 
identical in construction thereto. The flexible or 
5 elastic connector as shown in Figs. 17 and 18 includes a 
first body means 154 attached to a respective one of the 
first and second base members 19, 21 and to one of the 
ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 51, 55, 57 of 
one of the struts 23, 29, 35, 41, 47, 53, and a second 
10 body means 155 attached to the respective one of the 
first and second base members 19, 21 adjacent and 
independently of the first body means 154 and to one of 
the ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 51, 55, 57 
of one of the struts 23, 29, 35, 41, 47, 53. Each body 
15 means 154, 155 preferably includes a flexible or elastic 
body member 156 constructed out of a flexible or elastic 
rubber or the like with a first end portion 157 for 
attachment to a respective one of the first and second 
base members 19, 21, and a second end portion 159 for 
20 attachment to one of the ends 25, 27, 31, 33, 37, 39, 43, 
45, 49, 51, 55, 57 of one of the struts 23, 29, 35, 41, 
47, 53 (Figs. 17 and 18 show the first body means 154 
attached to the end 27 of the strut 23 and the second 
body means 155 attached to the end 57 of the strut 53) . 
25 While the first end portion 157 may be fixedly attached 
to a respective one of the first and second base members 
19, 21 due to the flexibility or elasticity thereof, a 
shaft member 161 may be provided for connecting the first 
end portion 157 to a respective one of the first and 
30 second base members 19, 21. The shaft member 161 may be 
bolted or press-fitted or otherwise securely attached to 
the first end portion 157 or may be formed as an 
integral, one-piece unit with the first end portion 157, 
or may be rotatably secured to the respective base member 
35 19, 21 by a typical retainer clip or the like as will now 
be apparent to those skilled in the art for pivotal ly 
connecting the first end portion IS? to a respective one 
of the first and second base members 19, 21. The method 
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of attaching the respective ends 25, 27, 31, 33, 37, 39, 
43, 45, 49, 51, 55, 57 of the struts 23, 29, 35, 41, 47, 
53 to the second end portion 159 may vary as will now be 
apparent to those skilled in the art. Thus, for example, 
5 the respective ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 
51, 55, 57 of the struts 23, 29, 35, 41, 47, 53 may be 
externally threaded and each second end portion 159 may 
have a threaded aperture 163 for threadably receiving the 
respective ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 51, 
10 55, 57 of the struts 23, 29, 35, 41, 47, 53. The threaded 
aperture 163 may be formed in a tubular metal insert in 
each end portion 159 as will now be apparent to those 
skilled in the art. 



In the embodiment shown in Figs. 19 and 20, each of 
15 the connector means 59, 61, 63, 65, 67, 69 consists of a 
pair of spherical members. While only the connector means 
65 is shown in Figs. 19 and 20, the other connector means 
59, 61, 63, 67, 69 are preferably similar or identical in 
construction thereto. The connector means as shown in 
20 Figs. 19 and 20 includes a first spherical member 165 
attached to one of the ends 25, 27, 31, 33, 37, 39, 43, 
45, 49, 51, 55, 57 of one of the Struts 23, 29, 35, 41, 
47, 53, and a second spherical member 167 attached to 
another of the ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 
25 51, 55, 57 of one of the struts 23, 29, 35, 41, 47, 53. 
Figs. 19 and 20 show the first spherical member 165 
attached to the end 27 of the strut 23 and the second 
spherical member 167 attached to the end 57 of the strut 
53. With respect to the embodiment shown in Figs. 19 and 
30 20, each ring 71 of each base member 19, 21 has a 

plurality of partially spherical cavities 169 sized and 
designed for rotatably entrapping one of the spherical 
members 165, 167. The partially spherical cavities 169 
may be formed integrally with the rings 71 as shown 
35 clearly in Figs. 19 and 20. On the other hand, each 
partially spherical cavity 169, or a coacting pair of 
partially spherical cavities 169, may be formed in a 
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plate member 170 that can be bolted or otherwise fixedly 
attached to one of the rings 71 as clearly shown in Fig. 
26 and as will now be apparent to those skilled in the 
art. Additional, each partially spherical cavity 169 may 
5 be partially formed in the rings 71 and partially formed 
in separate plate members which coact with one another to 
define the partially spherical cavities 169, etc. 

In the embodiment shown in Figs. 21 and 22, each of 
the connector means 59, 61, 63, 65, 67, 69 consists of a 
10 pair of U- joint type connectors. While only the connector 
means 65 is shown in Figs. 21 and 22, the other connector 
means 59, 61, 63, 67, 69 are preferably similar or 
identical in construction thereto. The U-joint type 
connectors as shown in Figs. 21 and 22 includes a first 
15 U-joint connector 171 attached to a respective one of the 
first and second base members 19, 21 and to one of the 
ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 51, 55, 57 of 
one of the struts 23, 29, 35, 41, 47, 53, and a second U- 
joint connector i.73 attached to the respective one of the 
20 first and second base members 19, 21 adjacent and 

independently of the first second U-joint connector 171 
and to one of the ends 25, 27, 31, 33, 37, 39, 43, 45, 
49, 51, 55, 57 of another of the struts 23, 29, 3S, 41, 
47, 53. Each U-joint connector 171, 173 preferably 
25 includes a first member 175, a shaft member 177 for 

attaching the first member 175 to a respective one of the 
base members 19, 21, a second member 179, a pivot member 
181 for pivotal ly attaching the second member 179 to the 
first member 175 with the longitudinal axis 183 of the 
30 pivot member 181 extending transverse to the longitudinal 
axis 185 of the shaft member 177, and a pivot member 187 
for pivotally attaching one of the ends 25, 27, 31, 33, 
37, 39, 43, 45, 49, 51, 55, 57 of one of the struts 23, 
29, 35, 41, 47, 53 to the second member 179 with the 
35 longitudinal axis 189 of the pivot member 187 extending 
transverse to the longitudinal axis 183 of the pivot 
member 181. The ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 
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SI, 55, 57 pf the struts 23, 29, 35, 41, 47, S3 may 
include enlarged heads 191 through which the pivot member 
187 extend as indicated in Figs. 21 and 22. The shaft 
member 177 may be bolted or press-fitted or otherwise 
securely attached to the first member 17S or may be 
formed as an integral, one-piece unit with the first 
member 175, or may be rotatably secured to the respective 
base member 19, 21 by a typical retainer clip or the like 
as will now be apparent to those skilled in the art for 
pivotally attaching the first member 175 to a respective 
one of the base members 19, 21. The pivot member 181 may 
be press-fitted or otherwise securely attached to the 
second member 179 or may be formed as an integral , one- 
piece unit with the second member 179, and may be 
15 rotatably secured to the first member 175 by a typical 
retainer clip or the like as will now be apparent to 
those skilled in the art. The pivot member 187 may be 
press-fitted or otherwise securely attached to one of the 
coacting members (i.e., the second member 179 or the 
20 respective enlarged head 191) or may be formed as an 

integral, one-piece unit with one of the coacting members 
(i.e., the second member 179 or the respective enlarged 
head 191), or may be rotatably secured relative to each 
coacting member (i.e., to the second member 179 and the 
25 respective enlarged head 191) by typical retainer clips 
or the like, as will now be apparent to those skilled in 
the art. 

In the embodiment shown in Figs. 23 and 24, each of 
the connector means 59, 61, 63, 65, 67, 69 consists of a 
pair of chain link connectors. While only the connector 
means 65 is shown in Figs. 23 and 24, the other connector 
means 59, 61, 63, 67, 69 are preferably similar or 
identical in construction thereto. The chain link 
connectors as shown in Figs. 23 and 24 includes a first 
35 chain link connector 193 attached to a respective one of 
the first and second base members 19, 21 and to one of 
the ends 25, 27, 31, 33, 37, 39, 43, 45, 49, 51, 55, 57 



30 
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of one of the struts 23, 29, 35, 41, 47, 33, and a second 
chain link connector 193 attached to the respective one 
of the first and second base members 19, 21 adjacent and 
independently of the first chain link connector 193 and 
5 to one of the ends 25, 27, 31, 33, 37, 39, 43, 43, 49, 
51, 55, 57 of another of the struts 23, 29, 35, 41, 47, 
S3. Each chain link connector 193, 195 preferably 
includes a first ring member 197, a pivot member 199 
pivotally attaching the first ring member 197 to a 
10 respective one of the first and second base members 19, 
21, a second ring member 201 attached to one of the ends 
25, 27, 31, 33, 37, 39, 43, 45, 49, 51, 55, 57 of one of 
the struts 23, 29, 35, 41, 47, 53 (the second ring member 
201 of the first chain link connector 193 is shown in 
15 Figs. 23 and 24 attached to the end 27 of the strut 23; 
the second ring member 201 of the second chain link 
connector 195 is shown in Figs 23 and 24 attached to the 
end 57 of the strut 53) and pivotally attached to the 
first ring member 197. Each first ring member 197 is 
20 preferably formed by a U-shaped member 203 for extending 
through the second ring member 201, and a bridge member 
205 for closing the U-shaped member 203 after the U- 
shaped member 203 is passed through the central hole in 
the second member 201. The bridge member 205 may be 
25 removably attached to the U-shaped member 203 by screws 
207 or the like (see Fig. 24) . The pivot member 199 may 
be press-fitted or otherwise securely attached to the 
bridge member 205 or may be formed as an integral, one- 
piece unit with the bridge member 205, or may be 
30 rotatably secured to both the bridge member 205 and the 
respective base member 19, 21 by typical retainer clips 
or the like as will now be apparent to those skilled in 
the art. The method of attaching the second ring member 
201 to the respective ends 25, 27, 31, 33, 37, 39, 43, 
35 45, 49, 51, 55, 37 of the struts 23, 29, 35, 41, 47, 53 
may vary as will now be apparent to those skilled in the 
art. Thus, for example, each ring member 201 may be 
integrally formed as a one-piece unit with a respective 
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end 25, 27, 31, 33, 37, 39, 43, 45, 49, 51, 55, 57 of a 
respective stmt 23, 29, 35, 41, 47, 53 as will now be 
apparent to those skilled in the art* 



In the embodiment shown in Fig. 27, each adjustable 
5 effective length strut 23, 29, 35, 41, 47, 53 may consist 
of a one-piece, integral rod 209 having one end 211 with 
left hand external threads thereon, having another end 
213 with right hand external threads thereon, and each 
connector means 59, 61, 63, €5, 67, 69 may have an 
10 appropriately handed threaded aperture 215 for screwably 
receiving one of the ends 211, 213 of one of the rods 
209. While only the connector means 59, 65 are shown in 
Fig. 27, the other connector means 61, 63, 67, 69 may be 
similar or identical in construction thereto. Likewise, 
15 while only portions of the struts 23, 29, 53 are shown in 
Fig. 27, the other struts 35, 41, 47 may be similar or 
identical in construction thereto. Each rod 209 may 
include grip means between the opposite ends to aid in 
the rotation thereof about its longitudinal axis. The 
20 grip means may consist simply of a transverse aperture 
217 through the rod 209 to allow a bar or the like (not 
shown) to be inserted therethrough to provide a handle to 
allow the rod 209 to be easily rotated about its 
longitudinal axis as will now be apparent to those 
25 skilled in the art. The midportion of each rod 209 may be 
enlarged, etc., adjacent the transverse aperture 217 for 
reinforcement, etc. When a rod 209 is rotated, the 
associated connector means 59, 61, 63, 65, 67, 69 on the 
opposite ends thereof will move toward or away from one 
30 another, causing the effective length of the rod 209 to 
be varied and causing a corresponding or related movement 
of the base members 19, 21 as will now be apparent to 
those skilled in the art. It should also be noted that 
while Fig. 27 shows the split-ball connectors of Figs, l- 
35 7 and 10, it is not limited thereto and may be used with 
the type connectors shown in Figs. 11-24, etc. 
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A second preferred embodiment of the spatial frame 
of the present invention is shown in Fig. 28, and 
identified by the numeral 2.11. The spatial frame 2.11 is 
a concentric part of a unilateral-type orthopedic 
5 external fixator 2.13 for securing a first bone element 
2.15 relative to a second bone element 2.17. 

The spatial frame 2. 11 includes a first base member 
2.19 for attachment to the first bone element 2. IS; a 
second base member 2.21 for attachment to the second bone 
10 element 2.17; an adjustable effective length first strut 
2.23 having a first end and a second end; an adjustable 
effective length second strut 2.29 having a first end and 
a second end; an adjustable effective length third strut 
2.35 having a first end and a second end; an adjustable 
15 effective length fourth strut 2.41 having a first end and 
a second end; an adjustable effective length fifth strut 
2.47 having a first end and a second end; an adjustable 
effective length sixth strut 2.53 having a first end and 
a second end; first connector means 2.59 for rotatably 
20 attaching the first ends of the first and second struts 
2.23, 2.29 to one another and relative to the first base 
member 2.19; second connector means 2.41 for rotatably 
attaching the first ends of the third and fourth struts 
2.35, 2.41 to one another and relative to the first base 
25 member 2.19; third connector means 2.C3 for rotatably 
attaching the first ends of the fifth and sixth struts 
2.47, 2.53 to one another and relative to the first base 
member 2.19; fourth connector means 2.65 for rotatably 
attaching the second ends of the first and sixth struts 
30 2.23, 2.53 to one another and relative to the second base 
member 2.21; fifth connector means 2.67 for rotatably 
attaching the second ends of the second and third struts 
2.29, 2.35 to one another and relative to the second base 
member 2.21; and sixth connector means 2.69 for rotatably 
35 attaching the second ends of the fourth and fifth struts 
2.41, 2.47 to one another and relative to the second base 
member 2.21. 
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The first and second base members 2.19, 2.21 may be 
constructed in various manners, out of various materials, 
and in various shapes and sizes. Thus, for example, each 
base member 2.19, 2.21 may consist of a one-piece or 
5 multi-piece plate 2.71 for being concentrically secured 
to a rigid elongated rod 2.72 or the like by way of 
typical set screws or the like. Standard transf ixation 
screws, wires or pins 2.73, etc., are coupled relative to 
the base members 2.19, 2.21 and rods 2.72 by various 
10 connectors 2.74 which may be mounted on or an integral 
part of the plates 2.71, or may be mounted directly on 
the rods 2.72 as shown in Fig. 28 and as will now be 
apparent to those skilled in the art. 

The struts 2.23, 2.29, 2.33, 2.41, 2.47, 2.53 and 
15 connector means 2.39, 2.61, 2.63, 2.65, 2.67, 2.69 are 
preferably identical to the various struts 23, 29, 35, 
41, 47, 53 and connectors means 39, 61, 63, 65, 67, 69 
discloses hereinabove relative to the frame 11 and 
reference should be made to the detailed disclosure 
20 hereinabove of the various struts 23, 29, 33, 41, 47, 53 
and connectors means 39, 61, 63, 65, 67, 69 for a 
complete understanding of the various possible 
constructions of the struts 2.23, 2.29, 2.35, 2.41, 2.47, 
2.53 and connector means 2.59, 2.61, 2.63, 2.65, 2.67, 
25 2.69 of the frame 2.11. Each plate 2.71 is constructed 
for use with the connector means 2.59, 2.61, 2.63, 2.65, 
2.67, 2.69 used. Thus, for example, with respect to the 
embodiment shown in Pig. 28, each plate 2.71 preferably 
has a plurality of partially spherical cavities 2.79 
30 therein for rotatably entrapping a respective pair of the 
partially spherical members of the split-ball connector 
means shown. 

A third preferred embodiment of the spatial frame of 
the present invention is shown in Fig. 29, and identified 
35 by the numeral 3.11. The spatial frame 3.11 is part of a 
eccentrically mounted, unilateral-type orthopedic 
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external fixator 3.13 for securing a first bone element 
3.13 relative to a second bone element 3.17. 



The spatial frame 3.11 includes a first base member 
3.19 for attachment to the first bone element 3.13; a 
5 second base member 3.21 for attachment to the second bone 
element 3.17; an adjustable effective length first strut 
3.23 having a first end and a second end; an adjustable 
effective length second strut 3.29 having a first end and 
a second end; an adjustable effective length third strut 
10 3.35 having a first end and a second end; an adjustable 
effective length fourth strut 3.41 having a first end and 
a second end; an adjustable effective length fifth strut 
3.47 having a first end and a second end; an adjustable 
effective length sixth strut 3.53 having a first end and 
15 a second end; first connector means 3.59 for rotatably 
attaching the first ends of the first and second struts 
3.23, 3.29 to one another and relative to the first base 
member 3.19; second connector means 3.61 for rotatably 
attaching the first ends of the third and fourth struts 
20 3.35, 3.41 to one another and relative to the first base 
member 3.19; third connector means 3.63 for rotatably 
attaching the first ends of the fifth and sixth struts 
3.47, 3.53 to one another and relative to the first base 
member 3.19; fourth connector means 3.65 for rotatably 
25 attaching the second ends of the first and sixth struts 
3.23, 3.53 to one another and relative to the second base 
member 3.21; fifth connector means 3.67 for rotatably 
attaching the second ends of the second and third struts 
3.29, 3.35 to one another and relative to the second base 
30 member 3.21; and sixth connector means 3.69 for rotatably 
attaching the second ends of the fourth and fifth struts 
3.41, 3.47 to one another and relative to the second base 
member 3.21. 



The first and 6econd base members 3.19, 3.21 may be 
35 constructed in various manners, out of various materials, 
and in various shapes and sizes. Thus, for example, each 
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base member 3.19, 3. 21 nay consist of a one-piece or 
multi-piece plate 3.71 for being eccentrically secured to 
a rigid elongated rod 3.72 or the like by way of typical 
set screws or the like, standard transf ixation screws, 
5 wires or pins 3.73, etc., are coupled relative to the 
base members 3.19, 3.21 and rods 3.72 by various 
connectors 3.74 which may be mounted on or an integral 
part of the plates 3.71, or may be mounted directly on 
the rods 3.72 as shown in Pig. 29 and as will now be. 
10 apparent to those skilled in the art. 

The struts 3.23, 3.29, 3.35, 3.41, 3.47, 3.53 and 
connector means 3.59, 3.61, 3.63, 3.65, 3.67, 3.69 are 
preferably identical to the various struts 23, 29, 35, 
41, 47, 53 and connectors means 59, 61, 63, 65, 67, 69 
15 discloses hereinabove relative to the frame 11 and 
reference should be made to the detailed disclosure 
hereinabove of the various struts 23, 29, 35, 41, 47, 53 
and connectors moans 59, 61, 63, 65, 67, 69 for a 
complete understanding of the various possible 
20 constructions of the struts 3.23, 3.29, 3.35, 3.41, 3.47, 
3.33 and connector means 3.59, 3.61, 3.63, 3.65, 3.67, 
3.69 of the frame 3.11. Each plate 3.71 is constructed 
for use with the connector means 3.59, 3.61, 3.63, 3.65, 
3.67, 3.69 used. Thus, for example, with respect to the 
25 embodiment shown in Fig. 29, each plate 3.71 preferably 
has a plurality of partially spherical cavities 3.79 
therein for rotatably entrapping a respective pair of the 
partially spherical members of the split-ball connector 
means shown. 

30 As thus constructed, the present invention provides 

a novel external fixator and repositioning mechanism. The 
fixator preferably includes two base members or swash 
plates coupled together by six struts which are 
adjustable in length. These struts in their resting 

35 positions are inclined with respect to one another. In 
the preferred embodiments, these struts are regularly 
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spaced and similar in manufacture to aid in construction 
and clinical use, although irregular arrays of 
dissimilarly constructed struts could effect a gradual 
six axis correction. Each strut of one preferred 
5 embodiment is essentially a turnbuckle attached to a half 
sphere at either end. One half sphere is mated to a half 
sphere of an adjacent strut in a partially encapsulating 
socket, there being three such sockets on each of the 
swash plates. The sockets of one swash plate may be 
10 staggered with respect to the sockets of the other swash 
plate when viewed axially. The partial sockets which 
constrain the split balls may be an integral part of the 
swash plates or may be attached additionally. The present 
invention functions as a frame and a mechanism without 
15 the sockets actually clamping the balls against rotation. 
Ideally there is sufficient clearance to allow rotation 
of the balls about three axes and each half spheres about 
an axis perpendicular to the face of each half sphere, 
passing through the centers of the hemispheres without 
20 allowing excessive play along the three translational 
axes. Additional clamping of the balls could be done to 
prevent motion, but the present device is able to 
function as a repositioning mechanism by virtue of the 
changing length of the struts and therefore a concomitant 
25 rotation of half spheres about each other and/or the ball 
joint pair within their sockets. The present device can 
function as a stabilizing frame even though the balls are 
not tightly clamped but free to rotate. External fixation 
pin clamps may either be an integral part of the swash 
30 plates or may be attached. These clamps are then attached 
to pins or wires which are attached to bone fragments. 
Bone fragment positions may be changed by adjusting the 
effective lengths of the six struts accordingly. Each new 
six coordinate position of one fragment relative to the 
35 other can be achieved by changing the effective lengths 
of the six struts. Each combination of strut lengths 
determines a unique six coordinate position of one 
fragment relative to the other. No change in position 
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between fragments can occur unless there is a change in 
the effective length of one or more struts. There is no 
over constraint, in that any change of any strut length 
causes a change in position of one fragment with respect 
5 to the other* The exact change in length for each strut 
to move one fragment relative to the other a prescribed 
amount can be accomplished by coordinate transformation 
by hand calculation, calculator, or computer. 
Alternatively, similar accessory swash plates with only 
10 the centers of the split balls represented can be 

utilized to determine initial lengths of the struts. 
Orthogonal x-rays of a deformed limb are taken, and 
these, plus careful physical examination, are used to 
characterize or measure a deformity. In its deformed 
15 position, one fragment can be thought of as moved from 
its original or preferred position by displacement along 
and/or about the six axes which can be corrected by the 
present external fixator. Assuming a neutral or home 
position of the present invention, the accessory swash 
20 plates are held in a similar home position. One accessory 
swash plate is then displaced from the other accessory 
swash plate along and/or about the six axes in an amount 
equal to the deformities as measured on x-ray and 
physical exam. While the accessory swash plates are held 
25 in this deformed spatial relationship the distance 

between marks corresponding to the centers of the split 
ball joints are measured. The corresponding strut is then 
adjusted to match. This is repeated for the remaining 
five strut lengths. At the end of this process the 
30 present invention is deformed exactly as the limb. The 
present invention is then securely attached to the bone 
fragments with skeletal pins or wires. The struts are 
then gradually or suddenly adjusted to their original or 
home length. The boney deformity is corrected as the 
35 present invention is corrected since the present 
invention is attached to the bone. 
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Although the present invention has been described 
and illustrated with respect to preferred embodiments 
thereof and preferred uses therefor, it is not to be so 
limited since modifications and changes can be made 
5 therein which are within the full intended scope of the 
invention. 
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We claim: 

1. A spatial frame for positioning a first element 
relative to a second element, said spatial frame 
comprising: 

5 (a) a first base member for mounting to said first 

element; 

(b) a second base member for mounting to said second 
element; 

(c) an adjustable effective length first strut 
10 having a first end and a second end; 

(d) an adjustable effective length second strut 
having a first end and a second end; 

(e) an adjustable effective length third strut 
having a first end and a second end; 

15 (f) an adjustable effective length fourth strut 

having a first end and a second end; 

(g) an adjustable effective length fifth strut 
having a first end and a second end; 

(h) an adjustable effective length sixth strut 
20 having a first end and a second end; 

(i) first connector means for rotatably attaching 
said first ends of said first and second struts relative 
to one another and relative to said first base member; 

(j) second connector means for rotatably attaching 
25 said first ends of said third and fourth struts relative 
to one another and relative to said first base member; 

(k) third connector means for rotatably attaching 
said first ends of said fifth and sixth struts relative 
to one another and relative to said first base member; 
30 (1) fourth connector means for rotatably attaching 

said second ends of said first and sixth struts relative 
to one another and relative to said second base member; 

(m) fifth connector means for rotatably attaching 
said second ends of said second and third struts relative 
35 to one another and relative to said second base member; 
and 

(n) sixth connector means for rotatably attaching 
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said second ends of said fourth and fifth struts relative 

to one another and relative to said second base member. 

2. The spatial frame of claim l in which each of 
said connector means includes a partially spherical 

5 member attached to one of said ends of one of said 

struts; and in which each of said first and second base 
members has a plurality of partially spherical cavities 
for rotatably entrapping said partially spherical members 
of said connector means. 

3. The spatial frame of claim l in which each of 
said connector means includes a first partially spherical 
member attached to one of said ends of one of said 
struts; in which each of said connector means includes a 
second partially spherical member attached to one of said 
ends of another of said struts; in which each of said 
partially spherical members of said connector means has a 
face portion; and in which each of said first and second 
base members has a plurality of partially spherical 
cavities for rotatably entrapping a respective pair of 
said partially spherical members of said connector means 
with said face portions thereof held movably against one 
another . 

4. The spatial frame of claim 3 in which each of 
said connector means includes a pivot member extending 

25 through the center of each of said face portions of a 
coacting pair of said partially spherical members for 
pivotally joining that pair of said partially spherical 
members to one another. 

5. The spatial frame of claim 1 in which each of 
30 said connector means includes: 

(a) a first member, 

(b) a first pivot member pivotally attaching said 
first member to a respective one of said first and second 
base members, said first pivot member having a 
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longitudinal axis, 

(c) a second member, 

(d) a second pivot member pivotally attaching said 
second member to said first member , said second pivot 

5 member having a longitudinal axis extending transverse to 
said longitudinal axis of said first pivot member, and 

(e) a third pivot member pivotally attaching one of 
said ends of one of said struts and one of said ends of 
another of said struts to said second member, said third 

10 pivot member having a longitudinal axis extending 

transverse to said longitudinal axis of said second pivot 
member • 

6. The spatial frame of claim 1 in which each of 

said connector means includes: 
15 (a) a first ring member pivotally attached to a 

respective one of said first and second base members; 
(c) a second ring member attached to one of said 

ends of one of said struts and pivotally attached to said 

first ring member; and 
20 (d) a third ring member attached to one of said ends 

of another of said struts and pivotally attached to said 

first ring member. 

7. The spatial frame of claim l in which each of 
said connector means includes body means for attachment 
25 to a respective one of said base members, to one of said 
ends of one of said struts, and to one of said ends of 
another of said struts; said body means being elastic for 
allowing pivotal movement of said struts relative to said 
base members. 

30 8. The spatial frame of claim 7 in which said body 

means has a trunk portion for attachment to a respective 
one of said base members, has a first arm portion 
extending outward from said trunk portion for attachment 
to one of said ends of one of said struts, and has a 

35 second arm portion extending outward from said trunk 
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portion for attachment to one of said ends of another of 
said struts. 

9. The spatial frame of claim l in which each of 
said connector means includes first body means for 

5 attachment to a respective one of said base members and 
to one of said ends of one of said struts; in which each 
of said connector means includes a second body means for 
attachment to a respective one of said base members 
adjacent said first body means and to one of said ends of 
10 another of said struts; said first and second body means 
being elastic for allowing pivotal movement of said 
struts relative to said base members. 

10. The spatial frame of claim 1 in which each of 
said struts includes a first component, a second 

15 component, and coupling means for adjustably coupling 
said first and second components to one another. 

11. The spatial frame of claim 10 in which said 
first component includes an elongated rod having threaded 
end; in which said second component includes an elongated 

20 rod having a threaded end; and in which said coupling 
means has a threaded portion for coacting with said 
threaded ends of said rods of said first and second 
components . 

12. The spatial frame of claim 10 in which said 

25 threaded portion of said coupling means has a first end 
with right-hand threads and a second end with left-hand 
threads; in which said threaded end of said rod of said 
first component has right-hand threads for coacting with 
said first end of said threaded portion of said coupling 

30 means; and in which said threaded end of said rod of said 
second component has left-hand threads for coacting with 
said second end' of said threaded portion of said coupling 
means. 
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13. The spatial frame of claim 1 in which each of 
said base members include a ring member for encircling a 
portion of said elements. 



14. The spatial frame of claim 13 in which connector 
5 means connect said struts relative to said ring members 
of said base members to cause said struts to coact to 
encircle portions of said elements. 



15. The spatial frame of claim l in which is 
included a first elongated rod and a second elongated 

10 rod; in which said first base member includes a plate 

member attached to said first elongated rod; and in which 
said second base member includes a plate member attached 
to said second elongated rod. 

16. The spatial frame of claim 15 in which said 
15 connector means connect said struts relative to said 

plate members of said base members with said struts 
mounted concentrically to said longitudinal axes of said 
first and second elongated rods. 

17. The spatial frame of claim 15 in which said 
20 connector means connect said struts relative to said 

plate members of said base members with said struts 
mounted eccentrically to said longitudinal axes of said 
first and second elongated rods. 

18. A spatial frame for an orthopedic external 

25 fixator for securing a first bone element relative to a 
second bone element, said spatial frame comprising: 

(a) a first base member for attachment to said first 
bone element; 

(b) a second base member for attachment to said 
30 second bone element; 

(c) an adjustable effective length first strut 
having a longitudinal axis, having a first end, and 
having a second end; 
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(d) an adjustable effective length second strut 
having a longitudinal axis, having a first end, and 
having a second end; 

(e) an adjustable effective length third strut 
5 having a longitudinal axis, having a first end, and 

having a second end; 

(f) an adjustable effective length fourth strut 
having a longitudinal axis, having a first end, and 
having a second end; 

10 (g) an adjustable effective length fifth strut 

having a longitudinal axis, having a first end, and 
having a second end; 

(h) an adjustable effective length sixth strut 
having a longitudinal axis, having a first end, and 

15 having a second end; and 

(i) connector means for rotationally movably 
connecting said first ends of said struts to said first 
base member and said second ends of said struts to said 
second base member, for allowing free undamped rotation 

20 of said first ends of said struts relative to said first 
base member and said second ends of said struts relative 
to said second base member, and for preventing 
translation of said first ends of said struts away from 
said first base member and said second ends of said 

25 struts away from said second base member, for angling 
said longitudinal axis of said first strut to said 
longitudinal axis of said second strut, for angling said 
longitudinal axis of said second strut to said 
longitudinal axis of said third strut, for angling said 

30 longitudinal axis of said third strut relative to said 
longitudinal axis of said fourth strut, for angling said 
longitudinal axis of said fourth strut to said 
longitudinal axis of said fifth strut, for angling said 
longitudinal axis of said fifth strut relative to said 

35 longitudinal axis of said sixth strut, and for angling 
said longitudinal axis of said sixth strut relative to 
said longitudinal axis of said first strut. 
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19. A spatial frame for an orthopedic external 
fixator for securing a first bone element relative to a 
second bone element, said spatial frame comprising: 

(a) a first base member for attachment to said first 
5 bone element; 

(b) a second base member for attachment to said 
second bone element; 

(c) an adjustable effective length first strut 
having a first end movably attached to said first base 

10 member and a second end movably attached to said second 
base member; 

(d) an adjustable effective length second strut 
having a first end movably attached to said first base 
member and a second end movably attached to said second 

15 base member; 

(e) an adjustable effective length third strut 
having a first end movably attached to said first base 
member and a second end movably attached to said second 
base member; 

20 (f) an adjustable effective length fourth strut 

having a first end movably attached to said first base 
member and a second end movably attached to said second 
base member; 

(g) an adjustable effective length fifth strut 

25 having a first end movably attached to said first base 
member and a second end movably attached to said second 
base member; and 

(h) an adjustable effective length sixth strut 
having a first end movably attached to said first base 

30 member and a second end movably attached to said second 
base member; 

in which said first ends of said first and second 
struts are joined relative to one another so that 
movement of said first end of one of said first and 
35 second struts will cause a corresponding movement of said 
first end of said other strut; 

in which said first ends of said third and fourth 
struts are joined relative to one another so that 
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movement of said first end of one of said third and 
fourth struts will cause a corresponding movement of said 
first end of said other strut; and 

in which said first ends of said fifth and sixth 
5 struts are joined relative to one another so that 

movement of said first end of one of said fifth and sixth 
struts will cause a corresponding movement of said first 
end of said other strut. 

20. A method of securing a first bone element 
10 relative to a second bone element using a Stewart 

platform including a base platform, a top platform, and 
six variable limbs extending between the base and top 
platforms; the method comprising the steps of: 

(a) attaching the first bone element relative to the 
15 base platform; 

(b) attaching the second bone element relative to 
the top platform of the Stewart platform; and 

(c) manipulating the limbs of the Stewart platform 
to cause the first and second bone elements to be 

20 positioned in a desired location relative to one another. 
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